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ABSTRACT
NGC 7582 is a candidate prototype of the Narrow Line X-ray Galaxies (NLXGs)
found in deep X–ray surveys. An ASCA observation shows the hard (>3 keV) X-ray
continuum of NGC 7582 drops 40% in∼6 ks, implying an AGN, while the soft band (< 3
keV) does not drop in concert with the hard continuum, requiring a separate component.
The X-ray spectrum of NGC 7582 also shows a clear 0.5–2 keV soft (kT = 0.8+0.9
−0.3 keV
or Γ = 2.4±0.6; LX = 6×10
40 ergs s−1) low–energy component, in addition to a heavily
absorbed [NH = (6 ± 2) × 10
22 cm−2] and variable 2–10 keV power law [Γ = 0.7+0.3
−0.4;
LX = (1.7−2.3)×10
42 ergs s−1]. This is one of the flattest 2-10 keV slopes in any AGN
observed with ASCA. (The ROSAT HRI image of NGC 7582 further suggests extent
to the SE.)
These observations make it clear that the hard X–ray emission of NGC 7582, the
most ‘narrow-line’ of the NLXGs, is associated with an AGN. The strong suggestion
is that all NLXGs are obscured AGNs, as hypothesized to explain the X-ray back-
ground spectral paradox. The separate soft X-ray component makes NGC 7582 (and
by extension other NLXGs) detectable as a ROSAT source.
Subject headings: galaxies: active, galaxies: Seyfert, X–rays: galaxies, BL Lacertae
objects: general
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1. Introduction
Deep X-ray surveys with ROSAT have re-
vealed a rapidly increasing number of ‘Narrow-
Line X-ray Galaxies’ (NLXGs) at moderate red-
shifts (z ∼ 0.1 − 0.5) and luminosities (LX ∼
1042 − 1043 ergs s−1, Boyle et al. 1995, Georgan-
topoulos et al. 1995). NLXGs were first discov-
ered in early 2–10 keV sky surveys (e.g., Ariel
V, Ward et al. 1978; HEAO-1, Piccinotti et
al. 1982). Since these NLXGs are highly ab-
sorbed (NH ∼ 10
22−23.5 cm−2; Turner & Pounds
1989) at low X-ray energies, their ROSAT coun-
terparts may be the absorbed AGN population
posited (Comastri et al. 1995) to solve both the
hard X–ray background ‘spectral paradox’ (Boldt
1987) and the hard X-ray/soft X-ray source counts
discrepancy (Gendreau et al. 1995b, Georgan-
topoulos, et al., 1997). This picture is not
without problems however: it predicts extremely
hard ROSAT spectra, and ASCA fluxes many
times brighter than ROSAT. Yet neither is found
(Georgantopoulos, et al., 1997, Romero-Colmenero
et al., 1996).
The NLXGs may not all be AGN; in high
quality optical spectra half the NLXGs have no
broad Hα (Boyle et al. 1995) and so may be star-
bursts, rather than AGN. The brightest NLXG is
NGC 7582, which has linewidths < 200 km s−1
(Morris et al. 1985; Wilson & Nath 1990) and
no broad components out to Brackett-γ (Moor-
wood & Oliva 1990). As such, NGC 7582 is the
best and the brightest NLXG candidate for being
starburst dominated, and may serve as a proto-
type of the new faint NLXG population. X-ray
observations can be critical to determining the
presence of an AGN.
Previous X-ray spectra (Mushotzky 1982, War-
wick et al. 1993, Turner & Pounds 1989) and
variability measurements (Mushotzky 1982) of
NGC 7582 however, have been hampered by
bright confusing sources: the background clus-
ter Abell S1101 is 53′away (Charles & Phillips
1982), while the BL Lac object PKS 2316−423
is only 17′ away (Crawford & Fabian 1994; Stocke
et al. 1991).
In this Letter we describe ASCA SIS and
ROSAT HRI observations of NGC 7582, separat-
ing the contributions of the AGN and the BL Lac.
These demonstrate that even this purely narrow-
line object clearly harbors an AGN; simultane-
ously these data suggest an answer to the prob-
lems of the soft X-ray flux from NLXGs.
2. Observations
2.1. ASCA SIS Data
An ASCA observation in SIS 2 CCD mode
(along the diagonal) and carefully oriented to
place both NGC 7582 and PKS 2316−423 near
the axis, was performed on 1994 November 11,
aquiring 17.0 ks in SIS0 and 18.2 ks in SIS1 on
NGC 7582. Both sources were clearly detected.
At 0.1 cts s−1, NGC 7582 dominates the hard
(2-10 keV) band by a factor of ∼2.3. A to-
tal of 4067 net SIS counts were detected from
NGC 7582, allowing complex spectral fits. We
used the ascascreen default criteria 2 for data
screening, extracted the SIS spectra from the rec-
ommended 4′ radius region (ABC Guide) and
binned to give >10 counts per bin. There were
no high background intervals in the SIS full–field
light curves.
Soft (0.5–2 keV) and hard (3–8 keV) SIS X–
ray light curves (Figure 1) in 8 bins, one per or-
bit, spanning a 40 ks time base, for the combined
SIS0 and SIS1 data, detect NGC 7582 at > 4σ in
each orbit in both bands. The hard count rate is
significantly variable (χ2=21.9), showing a clear
(9.2σ) 40% decre¡ase in ∼6 ks between bins 5 and
6, and remaining low for the rest of the observa-
2See definitions in Table 5.5.1 of ABC Guide to ASCA
Analysis; hereafter, ABC Guide. Maximum angular de-
viation = 0.01; ELV >10; BR EARTH >20 COR MIN
= 6; PIXL rejection threshold =75 (standard for 2–CCD
mode); remove hot and flickering pixels, event grades 0,
2, 3, and 4. Data from bright and faint (“bright2”) mode,
and high- and medium-bit rate data, were combined.
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tion 3 The soft count rate shows no such drop and
is consistent with a constant value (χ2 = 1.3),
excluding the fifth bin, which lies ∼5σ from the
mean and may be due to bad background sub-
traction. Including the 5th bin gives χ2 = 4.28.
The hardness ratio, which is essentially constant
through bin 5, is significantly lower in bins 6-8.
We refer to the first five bins as the high state,
and to the remainder as the low state.
Fig. 1.— Background–subtracted hard (3-8 keV,
top), soft (0.5–2 keV, middle) and hardness ratio
(bottom) light curves for NGC 7582 (SIS0 and SIS1
data combined).
We fit the high and low state spectra sepa-
rately using XSPEC 10.00 (Arnaud 1996), using
the 1994 November 9 calibrations. The Galactic
line-of-sight NH is low (1.48 × 10
20 cm−2; Elvis,
Wilkes, & Lockman 1989), due to the proximity
to the South Galactic pole. Both SIS detectors
gave consistent results, and so we report only si-
multaneous fits (Table 1). A simple power–law
fit is unacceptable (χ2ν > 1.6; Model A in Ta-
ble 1). See Figure 2. (A fit to just the 2-10 keV
3In the PKS 2316−423 SIS data, we find no analogous
abrupt change in flux; qualitatively, the BL Lac spectrum
is more short–time variable than that of NGC 7582.
range does give an acceptable power-law fit of
Γ = 1.4± 0.3.)
Fig. 2.— Best–fit model, data and χ2 for the
simple–power law fit (Model A) for simultaneous
SIS0 (squares) and SIS1 (triangles) high–state
observations of NGC 7582.
Addition of a low–energy unabsorbed contin-
uum component, either thermal bremsstrahlung
(kT ∼ 0.8 keV) or a second, steep power-law
(Γ ∼ 2.5) produces a good fit (Models B and C).
Although a partial covering model (Model D)
does significantly better than a single power law
(and the underlying power law photon index is
more typical of canonical AGN values), adding
a soft, unabsorbed component is the preferred
model, since an F–test gives a >99% improve-
ment in the fit going from Model D to Model C.
Interestingly, the partial covering model yields
emission–line–like residuals near 1 keV, as have
been reported in NGC 4151 (Weaver et al. 1994).
No changes in the parameters, except normaliza-
tion, are seen (at 90% confidence) between the
two states. The steep power-law needed at low
energies is inconsistent with the higher energy
power-law at high confidence.
Using the power-law plus bremsstrahlung fit
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(Model B), the high (low)–state luminosity, LX ,
of NGC 7582 in units of 1041ergs s−1 is 23+6
−4
(17+7
−3) in the 2–10 keV band, and 0.62
+0.14
−0.23
(0.59+0.02
−0.05) in the 0.5–2.0 keV band. So the low
energy, ROSAT band, luminosity is 3% – 4% of
the 2-10 keV luminosity. (Luminosities are as
observed, i.e. uncorrected for absorption. We
adopt a distance of 27 Mpc [de Vaucouleurs et
al. 1991].)
Absorbing material produces fluorescence lines,
notably Fe-K α A narrow (σ=100 eV) Gaussian
line at the cold Fe-K fluorescence line (6.4 keV),
plus a power-law in the energy range 3.5–8 keV,
gives 90% confidence upper limits on the line
equivalent width, <230 eV (SIS1, low state),
<310 eV (SIS0, high state) . The absorbing NH
would produce a neutral Fe-K edge (at 7.1 keV)
with τFeK = 0.2. Our 90% confidence limit is
τFeK ≤ 0.2.
2.2. ROSAT HRI Data
The ROSAT HRI observed NGC 7582 for
17.2 ksec on 1995 May 23, some 6 months af-
ter the ASCA observation. The image was OBI–
shifted to reduce aspect problems (Morse 1994)
and smoothed with a 5′′ Gaussian.
A source is found positionally coincident with
NGC 7582 (using IRAF/PROS tasks xexamine,
imcnts and a radius=8′′ circle), containing 225± 32
cts.
The source confusion that has dogged NGC 7582
continues with the discovery of a new bright
HRI source 2′to the NE (J2000.0: 23h18m29.9s,
−42◦20′ 41′′4), which has 90 ± 26 counts, and so
40% of the flux of NGC 7582 in the 0.5–2.0 keV
band 4 . Assuming a kT = 1 keV bremsstrahlung
with Galactic absorption, this implies a total lu-
minosity (NGC 7582 + NE source) of LX =
4For the NE source, the magnitudes of the two stellar ob-
jects on the digitized sky survey inside the 4.2′′ radius 2σ
HRI error circle, B=20.2 and 21.1 (Anglo–Australian Ob-
servatory 1997), allow an AGN or BL Lac identification
or, for the brighter optical object, a star of type M0V or
later (Schachter et al. 1996).
3.9(±0.5)×1040 ergs s−1. For the ASCA SIS0
best–fit bremsstrahlung model, the correspond-
ing result is LX = 4.9×10
40 ergs s−1.
The observed full-width half maximum (FWHM)
of NGC 7582 (from the IRAF task imexamine)
is 4.7′′, and of the NE source 5.0′′. Since the ex-
pected FWHM for a point source is 6” (David
et al. 1996), both NGC 7582 and the NE source
are unresolved by this measure. However, the
HRI image of NGC 7582 appears more asym-
metric than that of the NE source. To inves-
tigate, we divided the sources into 4 quadrants
(Elvis et al., 1983) of radius 20′′, with the divid-
ing lines (1) parallel to the N-S and E-W axes;
and (2) rotated by 45◦. In both cases, the image
of the NE source was found to be consistent with
a symmetric profile, but the image of NGC 7582
is asymmetric – brighter on the E side in Case 2
at > 3 σ, and >2.5σ fainter on the S side; fainter
on the SW side at >2.5σ, in Case 1. Subtract-
ing a scaled and shifted image of the NE source
from NGC 7582 gives 2-3 σ residuals to the SE,
confirming the asymmetry. However, given the
poor S/N in the NE source we cannot rule out
the asymmetry in NGC 7582 being an artifact of
residual ROSAT aspect solution errors.
3. Discussion
An AGN dominates the hard X-ray emission
from NGC 7582. The ASCA hard X-ray flux
drops by 40% in ∼6 ks, implying a source size
of ∼ 2 × 1014 cm, for which an AGN is the only
known possibility. This is 30 times more vari-
able than the X-ray flare previously reported by
Mushotzky 1982.
The low energy component in the NGC 7582
X-ray spectrum solves two problems with the
Comastri et al. 1995 ‘obscured AGN’ model for
the X-ray background: (1) the predicted ROSAT
band spectra of NLXGs should be extremely
hard, since the shape will be dominated by the
strongly energy dependent (E−8/3) photoelec-
tric absorption cross-sections (Tucker 1975), yet
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Romero-Colmenero et al., 1996 find quite nor-
mal Γ=1.5 slopes and Ciliegi, et al., 1997 find an
even steeper Γ ∼2.4; (2) with the predicted NH
distribution, most (70% – 90%) NLXGs should
be at least 10 times brighter in ASCA, yet the
four ROSAT NLXGs studied by Georgantopou-
los, et al., 1997, are just 4–12 times brighter in
ASCA, implying a maximum column density of
2.5×1022cm−2 (for Γ=0.8).
Both of these difficulties are removed by an ex-
tra, soft, X-ray spectral feature in NGC 7582: (1)
The low energy component has a power-law slope
comparable to that of bright ROSAT NLXGs
(Ciliegi, et al., 1997); (2) the low energy com-
ponent prevents the ASCA to ROSAT flux ra-
tio from exceeding 20, more in line with the ra-
tios implied in Georgantopoulos, et al., 1997.
Even so a bright source with this spectrum at
1×10−13ergs cm−2 s−1 in the 2-10 keV band,
would be one of the faintest ROSAT sources in
the 0.5-2.0 keV band, at 3×10−15ergs cm−2 s−1.
Without the extra soft component, a simple ab-
sorbed power-law spectrum would have a flux of
2x10−16ergs cm−2 s−1 in ROSAT, and so would
be undetectable. The Georgantopoulos, et al.,
1997 ASCA/ROSAT ratios for NLXGs indicate
somewhat larger uncovered fractions, ∼15%.
What is this soft X-ray component in the
ASCA spectrum? The constancy of the soft X-
rays rules out a simple uncovered fraction of the
central continuum, and instead (with the possi-
ble HRI asymmetries) suggests an extended ori-
gin. (Although the hint of soft-band variability
should be borne in mind.) Certainly, kiloparsec
scale extended soft X–ray emission is known in
other AGN (Elvis et al. 1990, Wilson et al. 1992,
Morse et al. 1995), where it may be of nuclear
or starburst origin (Wilson et al. 1996). Hot gas
is the likely dominant emitter in either case. In
NGC 7582, emission line ratios (Ward et al. 1980;
Baldwin, Phillips, & Terlevich 1981) and widths
(Whittle 1992) allow either a type2 Seyfert or
an H II region dominated object. Wilson 1988
concludes that the extended ‘diffuse’ radio emis-
sion, the 4′′ radius (1′′ = 130 pc at 27 Mpc)
Hα disk (Morris et al. 1985), and the IRAS
far-infrared emission in NGC 7582 are all pow-
ered by stellar processes, not by an AGN. A
starburst/AGN composite seems to be required
(Morris et al. 1985; Wilson 1988), especially
given the hard X-ray variability.
The X-ray luminosity of the soft component in
NGC 7582 is modest, 10–100 times smaller than
that of the brighter, reliably identified (ha98)
NLXGs from the ”CRSS” (Ciliegi, et al., 1997,
Romero-Colmenero et al., 1996) and comparable
with starburst galaxies (Fabbiano 1989). In order
to explain NLXG luminosities up to 1043erg s−1,
and to maintain relatively constant soft/hard
band X-ray luminosities, it is more plausible
that the soft component is a direct result of nu-
clear activity, rather than indirect via a star-
burst (Fabian et al. 1998). This favors Compton-
scattered nuclear emission, or jet/outflow-related
emission over a starburst. Compton reflection
could allow some variability if the ‘mirror’ is close
to the nuclear source.
The column density within NGC 7582 de-
creased by a factor ∼6 in the 6 years prior to
the ASCA observations. The best non-imaging
X-ray spectrum of NGC 7582 was obtained with
Ginga in 1988 October; Warwick et al. 1993
found NH ≈ 50 × 10
22 cm−2, keeping Γ fixed
at 1.7. We find, in the ASCA energy range and
assuming the same fixed Γ, NH = (7.1
+0.8
−0.4) ×
1022 cm−2.5. A column density at the Ginga
level in NLXGs would render the central AGN
component fainter by a factor 106. This is one
of the larger variations in column density known
in AGN, similar in both timescale and ampli-
tude to those in NGC 4151 (Yaqoob et al., 1993).
Changes on this timescale can be created by mo-
tions of molecular clouds in a starburst model,
but the amplitude may be hard to reproduce.
5Neither Abell S1101, which was allowed for in theWarwick
et al., analysis, nor PKS 2316−423, which was not, has
such a heavily absorbed spectrum (Schachter et al. 1998)
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4. Conclusions
NGC 7582 is the brightest example of the class
of NLXGs found in the deepest ROSAT obser-
vations (Boyle et al. 1995), with no broad (>
1000 km s−1) components on their optical emis-
sion lines, and may serve as the prototype of the
class. Our analysis of ASCA and ROSAT obser-
vations of NGC 7582 has shown:
1. A rapid (∼6 ksec) 40% decrease in the
ASCA SIS hard (>3 keV) X–ray flux, re-
quiring a compact, AGN source, with an
observed (absorbed) 2–10 keV luminosity
of ∼ 2× 1042 ergs s−1.
2. An additional, separate, emission compo-
nent is present in the ASCA SIS soft band
(0.5-2 keV, LX ∼ 6× 10
40 ergs s−1) with a
steep (Γ=2.4) unabsorbed spectrum.
3. A heavily obscured (NH ≈ 6 × 10
22 cm−2)
nuclear source, that has likely become 6
times less obscured over the last 6 years.
This may cause difficulty explaining the
absorbers as being associated with nuclear
starbursts, as proposed by Fabian et al. 1998.
We also note that the source confusion issues
which have dogged NGC 7582 now seem to be
resolved:
4. NGC 7582 is the dominant source (by a
factor of 2–3) of 2–10 keV emission in the
field containing itself and the BL Lac object
PKS 2316−423.
5. In the soft X-ray band NGC 7582 domi-
nates the newly discovered source 2 ′NE by
a factor 2.
These observations make it clear that the hard
X–ray emission of NGC 7582, the most ‘narrow-
line’ of the NLXGs, is associated with an AGN.
The strong suggestion is that all NLXG are ob-
scured AGNs, as hypothesized to explain the
hard X-ray background spectral paradox; but
that it is a separate soft X-ray component that
makes NLXGs detectable as ROSAT sources, and
provides their AGN-like X-ray slope. Quite likely
this soft component is extended, and thermal in
nature.
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Table 1: Fits to NGC 7582 Combined ASCA SIS0+SIS1 X-ray Spectraa
High Stateb Low Stateb
Model χ2/dof N c
H
Γ/kT,Γunabs,fcov χ
2/dof N c
H
Γ/kT,Γunabs,fcov
A. Single Power-Law (PL) 233/147 < 0.10 -0.79+0.09
−0.11 250/146 <0.04 -0.63
+0.10
−0.11
B. PL + Brems.d 145/144 4.9+2.6
−1.2 0.61
+0.50
−0.35/(0.81
+0.90
−0.28) 136/143 5.5±1.3 0.83
+0.43
−0.27/(0.84
+0.46
−0.22)
C. Two PLsd 146/144 5.3+2.3
−1.2 0.64
+0.56
−0.29/(2.5
+0.48
−0.63) 137/143 6.0
+2.5
−1.83 0.87
+0.59
−0.34/(2.4
+0.34
−0.39)
D. Partially Covered PL 158/146 7.9+1.3
−1.2 1.5
+0.37
−0.40/(0.96
+0.02
−0.03) 152/145 9.1
+1.4
−1.1 1.9
+0.32
−0.29/(0.97±0.01)
Notes: Photon power law indices are used throughout. (a) Ranges of parameters are for 90% confidence level;
(b) High and low states are as defined in section 2.1; (c) in units of 1022cm−2; (d) bremsstrahlung and second
power-law absorption fixed to NH=NH(Gal).
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